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8 Claims.

This invention relates to hearing-aid devices,
and it has among its objects the provision of
an improved bone-conduction hearing-aid of
small size, suitable for inconspicuous wear by

& hard of hearing persons, and operating with high

accuracy and enough power to deliver sufficient

faithfully reproduced vibratory energy to the

bone structure of the head to induce corre-

sponding loud sound sensations in the auditory
10 nerve centers of the person.

The features and objects of the invention,
will be best understood from the following de-
scription and explanation of exemplifications
thereof, reference being had to the accom-

16 panying drawings wherein

Fig. 1 is a view of the bone vibrator of the
“device as carried by a person;

Fig. 2 is a front view of the device with the
associated circuit elements shown diagrammati-

20 cally;

Fig. 3 is a circuit diagram of the device em-
bodying an amplifier;

Fig. 4 is a vertical cross sectional view of
the vibrator unit;

2 Fig. 4a is an elevational view of the vibrator
with the cover removed;

Fig. 5 is a transverse cross sectional view of
the vibrator along the line 5—5 of Fig. 4;

Fig. 6 is a transverse cross sectional view
through a portion' of the vibrator in Fig. 4
along the line 6—6;

Fig. 7 is a transverse cross sectlonal view
through a portion of the vibrator along line
7—7 of Fig. 4;

Fig. 8 is a perspective view of the diaphragm
adjusting blocks; ] ‘

Fig. 9 is a top view of a part of the pole
plate along line 9-—9 of Fig. 4;

Fig. 10 is a bottom view of a vibrator por-
tion along line 10—10 of Fig. 4;

Fig. 11 is a view of the coil strip; :

Fig. 12 is a side view of a vibrator provided
with a handle, with a part of the handle in
section;

45 PFig. 13 is a front view of the vibrator and

handle of Fig. 12;

Fig. 14 is a front view of a pair of spectacles
provided with the vibrator of the invention;

Fig. 15 is a side v1ew of the spectacle frame

50 of Fig. 14; and

Fig. 16 is a cross sectional view of the spec-
tacle frame along line 16—16 of Fig. 14.

It has been known for many years that
sound conduction over the head bones is an

55 excellent way for making many hard of hear-
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ing people hear speech and sound, although
the hearing organs bhetween their ears and
auditory nerve centers are impaired. Since, in
many cases, bone-conduction is the most effi-
cient means for making a hard of hearing per- 60
son hear speech and music, many efforts have
been made in the past to devise a portable
bone-conduction hearing-aid suitable for wear-

ing by a hard of hearing person. However, so

far none of these prior efforts have been satis- 65
factory. These prior-art hearing-aids usually
consisted of a microphone which translated the
sound waves into corresponding electrical cur-
rent oscillations, an amplifier for amplifying
the oscillations, and an electromagnetic vibra-
tor actuated by the electric oscillations to im-
part corresponding mechanical vibrations to
the bone structure of the head of a person
hard of hearing to produce hearing sensations
in his auditory center. .

It is essential that the amount of mechani-
cal vibratory power imparted by the electro-
magnetic vibrator to the bone structure shall
be large enough to induce in the auditory cen-
ter of the head clear and intense sound sensa-
tions and secure satisfactory hearing. The vi-
brator employed in such aids usually consists of -
a movable core member attracted by a magnetic
flux into contact with a complementary core
body from which it is separated by a small
gap through the action of resilient restraining
means tending to pull the movable core mem-
ber away from the cote body and hold the gap
open. Vibrations are imparted to the vibrator
by passing amplified sound-frequency current
oscillations through an inducing coil inter-
linked with the core, producing in the gap
flux fluctuations which vibrate the movable
core member, the latter transmitting the me-
chanieal vibrations corresponding to the sound
impressed on the microphone to the bone
structure for conveying sound to the auditory
center of the hearer.

The amount of vibratory power which can
be transmitted by the vibrator increases with 100
increase of the pole area and with decrease of
the length of the air gap separating the pole
faces. - Since the vibrator must be small to per-
mit its inconspicuous wear on the head, the gap
area in practical devices must be held down 105
to a low value, The only practical way in
which such-small vibrator may be made to de-
velop a substantial amount of undistorted me-
chanical vibratory power corresponding to the
impressed electrical oscillations is to decrease 110
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2
the air gap between the armature and pole

faces. However, decrease of the air gap is ac-
companied by a rapid increase of the negative

_stiffness of the diaphragm which aids the pull

of' the pole faces on the armature, reducing
the stability of the diaphragm unit and caus-
ing ready freezing of the armature to the pole
faces and thus bringing the armature into a
locked, non-vibrating position. This pole freez-
ing danger makes it thus impractical to go to
very small gaps which are necessary to enable
transfer of latge vibratory power in small sized
vibrators. It is for this reason that the flux air
gap in vibrators must ordinarily be made
larger than desirable for great power outfput.
This is particularly the case in connection with
bone conduction vibrators as made heretofore,
in which the body to which the vibrating con-
tact member is applied exercises a pressure on
the diaphragm in the direction toward the pole
faces.

The present mventlon overcomes this diffi-
culty and enables the use of smaller gaps.than
heretofore considered feasible in electromagnetic
vibrators of this type, making possible trans-
mission of a large vibratory power to the bones
with a diminutive vibrator. This is effected by
the special mounting of the vibration trans-
mitting connection between the contact mem-
ber and the armature, which is so arranged
that on applying the contact member of the
instrument to the head portion to which the
vibrations are to be fransmitted, the reaction
or back pressure of the body on the contact
member will automatically counterbalance any
tendency to freezing of the armature, and will
bring the armature into a nposition where its
vibration transmitting action is most favorable.
In this way, the electromagnetic vibrator, with
a minute operating gap, liable to produce
freezing, is combined with a vibration trans-
mitting connection between the armature and
the bone structure which exercises during oper-
ation a back  pressure on the armature pre-
venting freezing and sustaining stable and
strong vibrations.

Because of this arrangement it is possible to
make in the vibrators of the present invention
the spacing of the armature from the pole
faces smaller than heretofore thought possible
without sacrificing the stability of the opera-
tion. The diaphragm is so constructed that
when the vibrator is not applied to the body,
the armature is very close to the .pole faces of
the core, being then near the danger zone of
unstability and freezing. The length of the
gap between the armature and the pole faces
is then of the order of the thickness of the
freezing zone. On pressing the vibrator con-
tact against the body for transmission of the
vibrations to the bones, the bone structure ap-
plies through the vibration transmitting connec-
tion a counter pressure and holds the armature
in a position where the vibrating action is ex-
tremely efficient, while the danger of unsta-

‘bility or freezing due to excessive pole face pull

is excluded.

Fig. 1 illustrates a hard of hearing person
wearing the head-piece 1 of a bone-conduction
hearing-aid device exemplifying the inven-
tion, the head-piece being shown in front view
in Fig. 2, with the diagrammatically-indicated
associated elements of the device, It comprises:
a microphone 2 connected through a flexible
two-conductor cord 3 in series with a dry-cell
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battery 4 and actuating coil 5 of the bone vi-
brator 6 which is held by spring clip 7 on the
head of the person, with the vibrator contact
button 8 held against the mastoid temporal bone
behind the ear.

The spring clip 7 may be of

80

wire and. is bent to fit the head shape and to .

hold the bone vibrator under pressure against
the bone. The clip wire is as a rule thin and
readily disappears under the hair of the wearer,
so that it is not visible.

The vibrator 6 is very small, it being about
37 millimeters long, 20 millimeters high, and
13 millimeters wide. Because of its small size
the vibrator is hidden by the ear and is in-
conspicuous on the wearer. The microphone 2,
the cord 3 and the battery 4 are also small and
readily hidden in the clothing, like in the com-
mon telephone aid devices, and are likewise
ordinarily unnoticeable, so that the impairment
of the wearer is not readily noticed. '

The microphone 2, and the battery 4 with
the cord form a circuit in which electrical cur-
rent oscillations are produced by speech and
sound reaching the microphone, like in tele-
phone devices. These electrical current oscilla-
tions are converted in the vibrator into mechan-
ical vibrations imparted to the mastoid bone,
and are therefrom transmitted through the
bones to the auditory nerve center inducing
sound sensations like those produced by sound
reaching unimpaired ears. An adjustable re-
sistor 11 serves to adjust the intensity of the
current oscillations and the vibrator action.

Where increased intensity of vibrator action
is desired, the vibrator 6 may be used with a
booster arrangement as shown in Fig. 3, the
current oscillations produced by the input micro-
phone 2 being amplified in the microphone
booster 13, through the action of coil 14 on the
microphone 15 in the secondary circuit 16, and
the intensified current oscillations applied to the
vibrator 6 to actuate the same.

A vibrator 6 embodying the invention as
actually constructed and used is shown enlarged
in Figs. 4 to 11, the following description thereof
and the data on the materials and the dimen-
sions used being given herein as a guide in
construction of such devices, but the 1nvent10n is
not in any way limited thereto.

The vibrator comprises a pair of angularly-
bent permanent magnets 21 of high quality steel
assembled with like poles 22 of their lower arms
on opposite sides of the rectangular bottom
piece 23 of a central round core member 24 of
soft iron having high permeability.

The end surfaces of the outer arms.of the
magnets 21 abut against the underside of a flat
rectangular pole plate 26 of soft, highly perme-
able, iron extending between the arms, making a
good magnetic joint therewith. The pole plate.
26 has a conically-shaped, central perforation
surrounding the end of the central core, but
spaced therefrom by an annular gap which is
smallest at the coinciding outer levels of the
pole plate and the core end to reduce leakage.
Slots 27 are provided in the pole plate 26 to
reduce eddy currents induced by flux changes
in the space.

On the center core 24 is mounted the inducing
coil 5 which is wound on a spool 30. The turns
of the coil on the spodl are covered by a strip
33 of varnished cloth or similar insulating ma-
terial as shown in Fig. 11, wound around the
coil turns and fastened in place by pasting on
its end an adhesive substance, as shellack. The
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sfrip has secured thereto, by riveting or other-
wise, two resilient contact strips 34 and 35, of
phosphor bronze, for instance.
cloth strip 33 over the turns, the end portion
of the strip is wound over the portions of the

. two contact strips underlying the cloth strip,
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attaching the contact strips 34 and 35 to the
opposite sides of the coil. The two ends of the
coil projecting from the spool are then soldered
to the projecting portions of the contact strips
34 and 35, which form terminal connections for
the coil 5. As shown in Pig. 5, contact strip
34 is bent under the bottom of the spool estab-
lishing an electrical connection with the under-
lying portion of magnet 21; and the other con-
tact strip 35 is insulated and bent upwardly over
the coil, its spring action pressing it away from
the coil. ' :

The core members 21, 24, 26, and coil 5 are
held together as a unit by a clamping strap 37
of brass, or like material, which is bent to con-
form to the outer contour of the assembled core
members. The end portions of the strap are
doubled over, to form flanges underlying the ends
of the pole plate 26 and are clamped thereto
by screws 38 so that all the elements are held
firmly in place. To prevent the loosening of any

~of the elements, spring members 39, formed of

doubled-over resilient metal strips, may be in-
serted between the outer magnet surfaces and
the strap 37 to hold all the elements under
pressure. To facilitate the assembly, the center
core 24 has its two rectangular bottom projec-
tions 23 secured, as by rivets 44, fo the bottom
portion of the clamping strap 37. Insulator ring
45 holds the end of core 24 spaced from the pole
plate. .

As seen in Figs. 4 and 10, the flat underside of
the clamping strap has a rectangular opening
41 extending from the center till near one edge
thereof, and a guide strip 42 of spring metal,
such as phosphor bronze, overlies the opening,
having its end near the outer edge of the open-
ing secured, as by soldering, to the adjacent
strap portion, permitting free springing move-
ment of the other strip end.

A thin resilient diaphragm 51 of hardened
steel, or similar resilient maferial, in the form
of a rectangular strip, is disposed in front of
the pole plate 26 and has its ends clamped be-
tween adjusting blocks 52 and clamping blocks
53 to the ends of the pole plate 26, spaced there-
from, screws 54 threaded into holes in the pole
plate ends serving to hold the blocks 52 and
53 in place. This permits free vibration of the
main portion of the diaphragm 51 between the
inner edges of the adjusting blocks 52, the length
of the vibrating diaphragm being adjustable by
shifting the adjusting blocks 52 along their slots
55 toward, or away from, the center of the pole
plate. .

To the underside of the diaphragm, at its
center, is secured, as by soldering, a rectangular

flat armature 56 of soft magnetic iron, the.

armature lying with its center over the pole sur-

face of the central core 24 and with its peripher- -

al portion over the edge portion of the sur-
rounding pole plate 26. The height of adjusting
blocks 52 and the thickness of the armature are
proportioned to provide a small gap between
the armature and the underlying pole surfaces
of the center core 24 and the pole plate 26. The

- armature and the underlying pole surfaces of the .

center core 24 and pole plate 26 form thus two
small gaps in series through which the perma-

In winding the

3

nent flux of the magnets 21 and the flux induced
by the coil 5 passes.

The center core 24 has a longitudinal perfora-
tion ‘57 through which extends a vibrator rod
58 having one end fastened to the center of the
diaphragm 51 and armature 56, as by soldering,
and the other end projecting for a distance be-
yond the underside of the clamping strap, with
the vibrator contact member in form of but-
ton 8 mounted thereon. The rod is confined to
straight movement, out of contact with the sur-
roundings, by the guide strip 42 on the under-
side of the clamping strap 37, the rod being
threaded through a small hole in the freely
swinging end of strip 42, and secured thereto, as
by soldering.

The vibrator mechanism is housed in a cas-
ing of insulating material, like bakelite. The
casing has a flat rear wall 59, and upstanding
side walls 60 to 63 shaped in the interior to
hold the mechanism in place, the two side arms
of the clamping strap 37 being provided with
wing plates 64 which are clamped to underlying
casing projections 65 by screws 66, as shown
in PFig. 4a. Opposite side wall 60 there is
mounted a sheet metal partition 67 which forms
with the side wall a narrow flat channel 68, the

-ends 69 of the partition being bent to fit into

cutouts on the interior.

The side wall 62 of the casing has a slot for
inserting the rod 57, the slot being covered up
by a collar 72 secured in-the casing wall, as by
threads. On the lower side wall 63 there is pro-
vided ‘a ledge 77 through which extend contact
bushings 78 and 79 adapted to engage plugs 80
of the cord 3 to make connection with coil 5.
The inner end of bushing 78 is connected to the
end of the conducting partition member 67
which, in turn, is connected through the body
of the core members with the bent-in contact
strip. 34 of the coil 5. The other bushing 79
holds at its inner end a contact plate 81 which
leads along the rear wall 59 till the point oppo-
site the outwardly pressing contact strip 35 of
coil 5, making contact therewith. There is thus
established a positive, conducting connection be-
tween the coil and the cord leads, permitting
ready assembly and disassembly of the unit
without the difficulties of soldering in the small
spaces. The front side of the casing is closed
by a cover 70 which fits the opening formed by
the side walls, and is held in place by screws 70a
threaded into the casing projections 65.

The wire clip 7, by means of which the vibra-
tor is carried on the head, has on its end a flat
portion 71 conforming to the outer surface of
the upper side wall 64 of the casing, the spatula-
like end 72 of said flat portion being inserted
through the casing slot 73 into the flat channel
68 which it fits frictionally, holding the casing.

The permanent magnets 21 are of 17% c¢obalt
steel. The center core 24 is of an iron-nickel
alloy. The diaphragm is of hardened steel.
The natural frequency of the diaphragm unit
is about 1,000 cycles per second. The actuating
coil has an impedance of 50 chms at about 700
cycles alternating current. The two gaps have
an equal length of about 2 mils when the arma-
ture is under the action of the permanent mag-
netic field. The assembled vibrator mechanism,
without the casing, is at its longer side 3 centi-
meters long, at its shorter side 2 centimeters

‘long, its height is 1.5 centimeters, and its width

is .9 centimeters. 'The total weight of the com-
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plete vibrator unit with the easing is 16 grams
and its volume is about 7.28 cubic centimeters.
When the microphone is not actuated, and no
oscillatory currents flow through the actuating
coil 5, only a permanent flux is induced in the
armature gaps, the flux passing from the inner
poles of magnets 21, through center core 24 to
its upper pole face, then through the short in-

‘ner gap into the armature 56, then through the

armature and short outer gap into the pole face
of pole plate 26, and therethrough to the outer
poles of the magnets 21 of opposite polarity.
Under the action of this permanent flux the dia-
phragm 51 with the armature 56 will be held
deflected toward the pole plate reducing the gap
thereto.

If sound waves impinge upon the microphone
making it produce oscillatory sound currents,

-corresponding oscillatory fluxes are induced in

the magnet core system, these oscillatory fluxes
being superposed on the permanent flux and
causing it to increase and decrease in accord-
ance with the current oscillations. The result-
ing flux fluctuations vary the attraction exer-
cised on the armature 56 and cause the dia-
phragm 51 with the elements carried thereby
to vibrate in accordance with the fiux oscilia-
tions. The vibratory action-of the diaphragm
is, in turn, imparted through rod 59 and contact
button 8 to the bone against which the button
is held pressed, putting the bone into corre-
sponding vibrations which are transmitted
through the bone structure of the head to the
auditory organs and produce sound sensations,
like those produced by the sound reaching the
ears of a normal person.

As seen in Fig. 4, the pressure with which the
clamping spring holds the vibrator -casing
against.the mastoid bone, is balanced by the re-

active pressure with which the bone acts on-

the contact member 8, causing the latter fo
act through rod 58 on the center of the dia-

phragm in a direction away from the pole sur--

faces, and bringing the diaphragm with its

armature to a predetermined small spacing from -

the pole faces at which the vibratory action of
the diaphragm is of. high efficiency and great
stability, and freezing of the armature made im~
possible.

The vibrator described above will, notwith-
standing its small size and weight, translate suf-
ficient electrical energy supplied by the current
oscillations produced by the microphone into
mechanical vibrations and impart them to the
bone structure in an amount sufficient to induce
in the auditory organs sound sensations of large
magnitude enabling otherwise hard of hearing
persons to hear speech and sound like normal
persons and will not freeze nor become inopera-
tive like prior-art small gap electric vibrators.

The vibrator diaphragm unit is made of small
mass and a stiffness at which it will efficiently
vibrate at frequencies within the speech range
i. e. between about 60 and 1,000 cycles. The
elements determining the frequency response
should be proportioned to prevent variation of
the vibratory power output within the speech
frequency range by more than 200%. By mak-
ing the natural frequency of the diaphragm unit
around 1,000 cycles per second, there is ob-

_tained a very good response over the entire
“ speech range from 50 to 1,000 cycles, and at the

same time there is also secured a satisfactory
response over sound range up to about 5,000
¢ycles enabling good reproduction of musie,

1,940,553

The natural frequéncy of the diaphragm unif
may be made around 1,000 cycles per second
and should not be made smaller. A high degree
of uniformity of response is obtained by design-
ing the actuating coil to have the optimum im-
pedance, that is, a value about equal to the
microphone impedance, at a frequency of ahout
700 cycles. This is aftained in the device de-
scribed above, by making the microphone im-
pedance 50 ohms, and the coil impedance 50 85
ohms at 700 cycles, while the natural frequency
of the diaphragm unit is about 1,000 cycles.

In the construction shown in Fig. 4, the dia-
phragm strip 51 is unstretched, and merely
clamped, relying only on the rigidity of the strip
for its stiffness and its restoring force to un-
strained position. - Such steel diaphragms of
about 4 mils to 12 mils thickness combine the
needed thinness with sufficient stiffness required
in operation, and make it possible to propor-
tion their action so that the forces acting when
holding the vibrator- against the bone, will auto-
matically bring the diaphragm to the desired
operating position at a small distance in front
of the pole face where the best efficiency is
obtained. Vibrators like that shown in Figs. 4
and 5 may also be built with very thin stretched
diaphragms, in which case provisions are made
to hold the diaphragm stretched in its position.

There are also many other advantages in the
construction described. By using a strip-shaped
diaphragm and a magnet system arranged longi-

95

100

1056

-tudinally side by side, it is possible to use a

relatively long diaphragm of great stiffness, thus
securing stability and efficiency of operation 110
while holding the over-all size of the unit down.
The longitudinal, relatively heavy, rigid pole..
plate permits quick, accurate, and simple assem-
bly and adjustment of the diaphragm unit on
cne side, and of the magnet system on the other 115
side. It also enables the use of simple perma-
nent magnets occupying a lesser length than the
pole plate, and forming only a relatively small
projecting body on one side of the pole plate
Instead of using the hearing-aid device de- 120
scribed in conjunction with Figs. 1 to 11 for
transmitting vibrations to the mastoid bone, the
vibrator unit with the associated elements may
also be applied to any other part of the sound .
transmitting bone structure, such as the skull 125
or the spinal column to impart thereto vibra-
tions which are transmitted by the bone struc-
ture to auditory organs. In order to use the
instrument in such a manner, the head clip 7
is removed and instead a special handle 90, as 130
shown"in Figs. 12 and 13, is attached o the
vibrator. The handle may be made of a suitable
material, such as bakelite, and has at its upper
end an abutting portion fitting the lower side
wall 66 of the vibrator casing. In the upper 135
handle end is secured, as by molding, a flat
spatula-like member arranged to be inserted
through the lower casing slot 73 into the cham-
ber 68 of the inner side of the longitudinal wall
60 of the casing, similar to the manner in which 149

-the end 72 of the head clip is inserted into the

flat chamber 68 from the top when the head set
is used. The terminal projection 77 on the
underside of the casing fits into a suitable hollow
space 93 within the handle 90, the handle having g4
a longitudinal slot 94 within which the cords 3
of the instrument may be inserted. By applying
the vibrator button 8, by means of the handle 90,
to various bony portions of the head, for in-
stance, to the forehead bones, vibrations are 150
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transmitted to the bone structure and there-

through to the auditory organs in the same way
as with the head set arrangement described
above. To permit ready removal of the handle
and yet keep the cord in the hollow slot 94, the
lower portion of the slot is covered by sheet
metal cover 95 having on one side a projecting
wall 96 extending into the slot and hinged in
the interior on a transverse pin 97. A spring 98
holds cover 95 normally closed. To insert or
remove the cord 3, the cover 95 is swung around
its pin 97 away from the slot opening, exposing.
the latter.

The improved bone vibrator arrangement of
my invention described above is also particularly

. suited for spectacle mounting as shown in Figs.
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15 and 16. To this end the spectacle frame 101
is provided at its bridge portion, where it rests
on the nasal bone, with an upwardly diverging
casing 102 fit to receive a vibrator unit as shown
in Figs. 4 and 5, the vibrating rod 58 of the
vibrating unit projecting downwardly from the
casing and having mounted on its end a vibra-
tory contact member 103 shaped to fit the nasal
bone. The actuating coil 5 of the vibrating unit
is connected to the microphone input circuit by
means of wires 105 and 106 arranged in channels
107 in the upper part 108 and the lower part
109 of the frame of one of the lenses, and thence.
over the hinged joint through channels 110 pro-
vided in the temple 111, to the end thereof,

from where they extend in the form of a flexible

cord 3 to the microphone circuit. The wires 105
going through the lens frame may be left
non-insulated if these frames are of insulation
material, as is usually the case.

When the spectacles are in position on the
wearer’s nose, the contact member 103 weighs on
the nose bone. If the actuating coil 5 of the
vibrating mechanism is energized with oscilla-
tory sound currents, the vibrating unit imparts
power to the contact member 103 on the nose
bone, which in turn transmits this vibratory en-
ergy to the bone system and therethrough to the
nerve centers. The weight of the vibrating unit
is sufficient to press the contact member 103
with the required pressure against the nasal
bone to impart to the bones an amount of vibra-
tory power which will enable.a deaf person to
clearly hear the transmitted sound. In this ar-
rangement, as well as in the hand portable ar-
rangement shown in Figs. 12 and 13, the appli-
cation of the instrument to the bony portion
where it is to act assists in maintaining the vi-
brator in the stable position where its transmis-
sion of vibratory energy is most efficient.

'This invention is not limited to the particular
materials or details of construction pointed out
in connection with the description of the specific
exemplifications thereof, as many modifications
and equivalents will suggest themselves to those
skilled in the art. It is accordingly desired that
the appended claims be given a broad construc-
tion commensurate with the scope of the inven-
tion.

I claim as my invention:

1. A hearing-aid bone vibrator for actuation
by electric sound-frequency current oscillations
for imparting corresponding mechanical vibra-
tions to the sound conveying bone structure of a
person and inducing corresponding sounds in his
hearing organs, comprising a magnetic core hav-
ing a pair of relatively movable members provid-
ed with pole faces of opposite polarity spaced by
a gap and constituting a low reluctance induced

S

flux path forcing a permanent flux through said

. gap, an actuating coil interlinked with said core

for carrying supplied electric sound-frequency
current oscillations and inducing corresponding
fluctuations of flux through said gap, resilient
supporting means holding said core members
and constituting therewith a vibratory unit hav-
ing imparted thereto by said flux fiuctuations a
corresponding vibratory movement relative to

‘each other at an average gap spacing of the or-

der of ‘a distance which during operation is sub-
jected to magnetic forces strong enough to
freeze the adjacent pole faces to each other, and
contact means actuated by said vibratory unit of
said core members relative to each other to im-
part vibratory energy therefrom to a sound con-
veying bone structure of a person and for exert-
ing during operation on said vibrating core
members reactive forces preventing pulling of
said core pole faces into freezing condition.

2. In a portable bone conduction hearing-
aid, an electromagnetic vibrator for actuation by
electric sound-frequency current oscillations to
impart corresponding mechanical vibrations to
the sound conveying head-bone structure of a
person and induce corresponding sounds in his
auditory center, comprising a magnetic core hav-
ing a pair of relatively movable members provid-
ed with relatively large pole faces of opposite
polarity spaced by a gap and constituting a low
reluctance induced flux path forcing a perma-
nent flux through said gap, an actuating coil
interlinked with said core for carrying supplied
electric sound-frequency current oscillations and
inducing corresponding fluctuations of flux
through said gap, resilient supporting means
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holding one of said core members and consti- -

tuting therewith a vibratory unit having im-

parted thereto by said flux fluctuations a corre- ~

sponding vibratory movement at a gap distance
of the order of distance at which the opposite
pole faces are subjected to forces strong enough
to pull the adjacent pole faces toward each other
into - freezing position, and a contact member
having a vibration transmitting connection to
said vibrating unit for imparting therefrom vi-
bratory energy to the head-bone structure of a

"person and for exerting during operation on said

vibrating core members reactive forces prevent-
ing pulling of said pole faces inte freezing posi-
tion. .

3. In a portable bone conduction hearing-aid,
an electromagnetic bone vibrator for actuation
by electric sound-frequency current oscillations
to impart corresponding mechanical vibrations

"to the sound eonducting bone structure of a per-

son for inducing corresponding sounds in his
hearing organs, comprising a magnetic core hav-
ing a pair of relatively movable members pro-
vided with relatively large pole faces of opposite
polarity spaced by a gap and constituting a low
reluctance induced flux path for forcing a per-
manent flux through said gap, an actuating coil
interlinked with said core body for carrying sup-
plied. electric sound-frequency current oscilla-
tions and inducing corresponding fluctuations of
flux through said gap, resilient supporting means
holding said core members and constituting
therewith a vibratory unit having imparted
thereto by said flux fluctuations a corresponding
vibratory movement at an average gap spacing
close to the distance which during operation is
subjected to magnetic forces strong enough to
pull said pole faces to each other into locked
position, contact means for pressing against the
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sound conducting hbone structure of a person
having a vibration transmitting connection to

" said vibratory unit for imparting therefrom vi-
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bratory energy to said bone structure and in-
ducing sound in the auditory center of the
person, while exerting during operation on said
vibratory unit reactive forces preventing pulling
said pole faces into locked position, and means
for holding said vibrator and applying said con-
tact means to the vibrated bone structure under
a pressure imparting to said vibrator unit foreces
preventing decrease of said gap to locked posi-
tion.

4. In a portable bone conduction hearing-aid,
an electromagnetic bone vibrator for actuation
by electric sound-frequency current oscillations
to impart corresponding mechanical vibrations
to the sound conducting bone structure of a per-
son for inducing corresponding sounds in his
hearing organs, comprising a magnetic core hav-
ing a pair of relatively movable core members
provided with. relatively large pole faces of oppo-
site polarity spaced by a gap and constituting a
low reluctance induced flux path for forcing a

permanent flux through said gap, an actuating’

coil interlinked with said core body for carrying
supplied electric sound-frequency current oseil-
lations and inducing corresponding fluctuations
of flux through said gap, resilient supporting
means holding said core members and constitut-
ing therewith a vibratory unit having imparted
thereto by said flux fluctuations a corresponding
vibratory movement at an average gap spacing
of no more than about 5 mils and of the order
of the distance which during operation is sub-
jected to magnetic forces strong enough to pull

. said pole faces to each other into locked position,

and contact means for pressing against the
sound conducting bone structure of a person
having a vibration transmitting connection to
said vibratory unit for imparting. therefrom vi-
bratory energy to said bone structure and induc-
ing sound in the auditory center of the person,
while exerting during operation on said vibratory
unit reactive forces preventing pulling said pole
faces into locked position.

5. In a portable bone conduction hearing-aid,
an electromagnetic bone vibrator for actuation
by electric sound-frequency current oscillations
to impart corresponding mechanical vibrations
to the sound conducting bone structure of a per-
son for inducing corresponding sounds in his
hearing organs, comprising a magnetic core con-
stituting a low reluctance magnetic path pro-
vided with a substantially coplanar pair of pole
faces of opposite polarity having relatively large
flux areas, a magnetic armature having a pole
face facing said core pole faces and spaced
therefrom by a gap, an actuating coil interlinked
with said core for carrying supplied electric
sound-frequency oscillations and inducing cor-
responding fluctuations of flux through said gap,
resilient diaphragm means holding said arma-
ture and constituting therewith a vibratory unit
having imparted to said armature by said flux

fluctuations a corresponding vibratory movement.

toward and away from said core pole faces at
an average gap length of the order of the dis-
tance which during operation is subjected to
forces strong enough to pull said armature pole
face to said core pole faces into freezing position,
and contact means for pressing against the

sound conducting bone structure of a person

having a vibration transmitting connection to
said vibratory unit for imparting therefrom vi-

1,940,558

bratory energir\to said bone structure and induc-
ing sound in the auditory center -of the person,
while exerting during operation on said vibra-
tory unit reactive forces preventing pulling said
pole faces into freezing position.

6. In a portable bone conduction hearing-aid,
an electromagnetic bone vibrator for actuation
by electric sound-frequency current oscillations
to impart corresponding mechanical vibrations to
the sound conducting bone structure of a person
for inducing corresponding sounds in his hear-
ing organs, comprising a magnetic core consti-
tuting a low reluctance magnetic. path provided
with an interior pole face of one polarity and
an outer pole face of opposite polarity coplanar
and symmetrical with respect to said interior
pole face, a magnetic armature having a pole
face facing said core pole faces and spaced
therefrom by a gap, said pole faces being of
substantial area to produce a large flux between

the pole faces, an actuating coil interlinked

with said. core for carrying supplied electric
sound-frequency oscillations and inducing cor-
responding fluctuations of flux through said
gap, resilient diaphragm means holding said
armature and constituting therewith a vibratory
unit having imparted to said ar nature by said
flux fluctuations a corresponding vibratory
movement toward and away from said core
pole faces al an average gap length close to the 1
distance which during operation is subjected to
forces strong enough. to pull said armature pole
face to said core pole faces into freezing position,
and contact means for pressing against the
sound conducting bone structure of a person 1
having a vibration transmitting connection to
said vibratory unit for imparting therefrom
vibratory energy to said bone structure and
inducing sound in the auditory center of the
person, while exerting during operation on said 1
vibratory unit reactive forces preventing pulling
said pole faces into freezing position.

7. In a portable bone conduction hearing-aid,
an electromagnetic bone vibrator for actuation
by electric sound-frequency current oscillations
to impart corresponding mechanieal vibrations
to the sound conducting bone structure of a
person for inducing corresponding sounds in his
hearing organs, comprising a longitudinal mag-
netic core constituting a low reluctance mag-
netic path provided with an interior pole face
of one polarity and an outer pole face portion of
opposite polarity coplanar with. said interior
pole face, a magnetic armature having a pole
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face opposite said core pole faces and spaced 130

therefrom by a gap, an actuating coil interlinked
with said core for carrying supplied electric
sound-frequency oscillations and inducing cor-
responding fluctuations of flux through said gap,

a resilient diaphragm strip clamped at its ends 135

holding said armature and constituting there-
with a vibratory unit having imparted to said
armature by said flux fluctuations a correspond-
ing vibratory movement toward and away from

said core pole faces at an average gap length 140

close to the distance which during operation is
subjected to forces strong enough to pull said
armature pole face to said core pole faces into
freezing position, and a contact member having

an exposed contact surface for pressing against 145

the sound conducting bone structure of a person
and a vibration transmitting connection to said
vibratory unit for imparting therefrom vibratory
energy to said bone structure and inducing

sound in the auditory center of the person, while 150
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exerting during operation on said vibratory
unit reactive forces preventing pulling said pole
faces into freezing position.

8. In a portable bone conduction hearing-aid,
an electromagnetic bone vibrator for actuation
by electric sound-frequency current oscillations
to impart corresponding mechanical vibrations
to the sound conducting bone structure of a per-
son for inducing corresponding sounds in his
hearing organs, comprising an elongated pole
plate having an intermediate opening with a
surrounding flat surface constituting on one side
of said plate a pole face of one polarity, a mag-
netic core body on the opposite side of said plate
having a central permeable core member with
an inner pole face lying coplanar with said outer
pole face in said opening and additional core
members extending between said central core
member and the ends of said pole plate, a mag-
netic armature having a pole face facing said
core pole faces and spaced therefrom by a gap
to complete the flux path therebetween, an
actuating coil interlinked with said central core

7

member for carrying supplied electric sound-
frequency oscillations and inducing correspond-
ing fluctuations of flux through the flux paths
of said gap, a resilient diaphragm strip sup-
ported at its ends on said pole plate and holding
said armature to constitute therewith a vibra-
tory unit subjected by said flux fluctuations to a
corresponding vibratory movement at an average
gap spacing close to the distance at which the
magnetic forces are during operation strong
enough to pull the armature pole face into freez-
ing with the core pole faces, and a contact mem-
ber having an exposed contact surface for press-
ing against the sound conducing bone structure
of a person and a vibration transmitting connec-
tion to said vibratory unit for imparting there-
from vibratory energy to said bone structure and
inducing sound in the auditory center of 'the
person, while exerting during operation on said
vibratory unit reactive forces preventing pulhng
said pole faces into freezing position.

HUGO LIEBER.
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